Quantification of phagocytosis in human neutrophils by flow cytometry.
Phagocytosis represents a central element of the host response to microbial invasion. We describe a flow cytometric method for measuring the kinetics of phagocytosis of two bacteria by human polymorphonuclear leukocytes (PMNs). Over a 60-min period, isolated human PMNs were exposed to Staphylococcus aureus (rapidly phagocytosed) and Klebsiella pneumoniae (slowly phagocytosed). This method distinguished adherent from ingested bacteria by quenching fluorescein isothiocyanate-labeled extracellular bacteria with ethidium bromide. This further allowed the exclusion of dead, highly permeable, and subsequently bright-red fluorescent PMNs. Our experiments with two different bacteria, various PMN-to-bacteria ratios (1:1, 1:10, 1:100), and different individuals proved that 1) flow cytometric analysis is accurate and useful for characterizing phagocytosis, 2) adherent bacteria can be distinguished from ingested bacteria after quenching with ethidium bromide, and that 3) phagocytosis kinetics of two bacteria with different onsets of phagocytosis can be determined by flow cytometry and the assessment of a score that quantifies phagocytosis.